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Disclaimer

Thisreport was preparedas an accountof work sponsoredby an agencyof the United States
Government Neither the United StatesGovernmentnor any agencythereof, nor any of their
employees, makes any warranty, express or implied, or assumesany legal liability or
responsibility for the accuracy,completeness,or usefulnessof any information, apparatus,
product, or processdisclosed,or representsthat its use would not infringe privately owned
rights. Referencehereinto any specificcommercialproduct, process,or serviceby trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement,recommendation,or favoring by the United StatesGovernmentor any agency
thereof. Theviewsand opinionsof authorsexpressedierein do not necessarilystate or reflect
thoseof the United StatesGovernmentor anyagencythereof
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B DOE M Cost Share

Project Overview

Funding: $3,142,812

DOE: $2,498,908

20% Cost Share: $643,904

Work Period: 1 Sept 202229 Feb 2024

$2,498,908

$643,904

Project objectives

The overall objective of this project is to complete a frent engineering and desigr
(FEED) study of an advanced Direct Air Capture (DAC) system that can remove |
sequestering a minimum of 5,0@0nne/yr of CQ. The selected DAC system will be
technology from Climeworks AG (Climeworks) that consists of an adsorption
desorption process to remove Gfboom ambient air by using a selective filter. The
geothermal host site is operated IrmatTechnologies IncQrmai). The DAC systen
will capture CQusing thermal energy from the host geothermal resource. The
captured COwill meet the requirements of transport and geological storage, and t
geological storage facility is 5&lometresfrom the capture site.




Project Team Management Structure
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Technology Development Timeline

Climeworks history & milestones

2012 2017 2019 2021 2022
Commissioned first World’s first CDR service available First large-scale Groundbreaking of next
demonstration prototype commercial DAC plant to individuals DAC+S plant “Orca” DAC+S plant *Mammoth”
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2009 2014 2019 2021 2022 2022
Developed modular Prototype for world’s DOE Funding Largest-ever equity DOE Funding
CO2 collector first Air-to-fuels plant 2402 round into DAC: 2560

USD 650 Million




Technology Development Timeline

Iceland
Hellisheidi

Orca
4’000 tons
per year

2021

Enable scale-up

@ Iceland

Hellisheidi

scale-up Mammoth
36’000 tons
per year

2024

Volume production

@ Global
~10x

scale-up
> 400°000 tons

per year

By 2030

Scale-up acceleration

@ Global

Multi-mega ton range

2030s
Global roll-out



How Climeworks technology works

Phase 1 Phase 2

2 Once the filter is
saturated with CO,
the filter is

Vel heated to 100 °C
2
Ambient air CO, depleted air Concentrated CO
.y |
. '/’..
CO: is chemically 3 CO:is then released from
bound to the filter the filter and collected

1. Airis drawn into the collector with a fan. Carbon dioxide is captured on the surface
of a highly selective filter material that sits inside the collectors.

2. After the filter material is fullvith carbon dioxide, the collector dosedand we
increase the temperature to between 80 and 1D this releases the carbon dioxide.




Demonstrated Advantages of Technology

Mature plant design,
experience in
construction
& operations

A Experienceoperating full-system prototypes as well as
up to 4,000tCQ2/y units.

A Experiencein site preparation, construction, process
engineering& selectionof industrialcomponents

Modular design

A The modular design of the DAC plants enables
dimeworksto scalerapidly.

Process & sorbent
technology

A Learningsfrom numerouslaboratory test stands, mid-
and full-scale prototypes as well as installations in
Switzerland]taly, GermanyandIceland

A TheDACO 2 f f SrodularNdiuee and the flexibility of
the integrated contactor structures ensure that future
developments in sorbent technology can be easily
integratedinto existinghardware






Ormat Technologies, Inc.

North Brawley Power Plant
27TMW Geothermal
Binary plant (ORC)

Sentinel Peak Resources

Saline aquifer
San Joaquin Basin near Buttonwillow, CA




Location of Capture and Storage

Bakersfield —Torm
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Geothermalfield







Project Tasks

1.0 Project Management and Planning

1.1 Project Management Plan

1.2 Technology Maturation Plan

1.3  Workforce Readiness for Technology Development
2.0 FrontEnd Engineering Design (FEED) Study
2.1 Design Basis

2.2 Preliminary Engineering

2.3 ISBL Detailed Engineering

2.4  OSBL Detailed Engineering

25 HAZOP Review

2.6  Constructability Review

2.7  Water Availability at Host Site




Project Taskgontinued

3.0 Project Cost Assessment

4.0 Business Case Analysis

5.0 Technology EH&S Risk Assessment

6.0 LCA Analysis

7.0 Environmental Justice Analysis

8.0 Economic Revitalization and Job Creation Outcomes Analysis




Deliverables

1.1

1.2

1.3

2.0

2.1

2.2

2.3

Update due 30 days after award. Revisions
the PMP shall be submitted as requested t

the NETL Project Manager.

Due 90 days after award. Revisions shall |
submitted as requested by the NETL Proje
Manager.

Due 12 months after award. Revisions sha
Workforce Readiness Plan be submitted as requested by the NETL
Project Manager.

Updated Project
Management Plan

Technology Maturation Plar
(TMP)

FrontEnd Engineering
Design (FEED) Study
Project Design Basis

Due at project completion. A draft shall be
Completed

submitted to the NETL Project Manager 9C
Preliminary Engineering  days before project completion.

ISBL Detailed Engineering



Deliverablescontinued

2.4

2.5

2.6

2.7

3.0

4.0

5.0

Update due 30 days after award. Revisions
OSBL Detailed Engineering the PMP shall be submitted as requested [
the NETL Project Manager.

HAZOP Completed

Constructability Review
Complete

Water Availability at Host

Site Due at project completion. A draft shall be

submitted to the NETL Project Manager 9C
Project Cost Assessment days before project completion.

Business Case Analysis
Completed

Technology EH&S Risk
Assessment



Deliverablescontinued

6.0 Life Cycle Analysis (LCA)

Environmental Justice Due at project completion. A draft shall be
Analysis submitted to the NETL Project Manager 9C
Economic Revitalization an(days before project completion.

8.0  Job Creation Outcomes

Analysis

7.0




Project Timeline
1 September 2022 31 May 2023




